Abstract: Considerable progress has been made in many areas of biomedical science since the 1960s, suggesting likely increases in life expectancy and decreases in morbidity and mortality in the adult population. These changes may pose substantial risks to the pensions and benefits industries. While there is no significant statistical evidence demonstrating rapid decreases in mortality rates, there are conflicting opinions among demographers and biogerontologists on the biological limits of the human lifespan and trends in life expectancy. We administered a survey of the International Employee Benefits Association (IEBA), a large, international industry group. Industry professionals employed by consulting (35%), insurance (24%), pension (14%), and other (27%) companies responded to 32 questions. Respondents showed reasonably conservative views on the future of longevity and retirement, including that for women. The respondents formed their personal longevity expectations based on their family history and, to a lesser degree, on the actuarial life tables. Most of the sample expressed no desire to life past age 100 years, even if the enabling technologies required to maintain a healthy youthful state were available, and only a few respondents in the sample expressed a desire to live for the maximum period (at least) offered by the survey question. The majority of the respondents would not undergo any invasive procedures, and only 56% of the respondents would opt for noninvasive therapies to extend their healthy lifespans to 150 years of age if these were available.
Introduction
Although life expectancies in most developed countries have increased steadily over the course of the 20th century, the gains have been gradual and primarily associated with decreases in child mortality and discoveries of antibiotics. 1 Despite the many recent advances in biomedical sciences and information technology, as well as improvements in standards of care for the elderly, there is uncertainty about future trends in life expectancy and disagreement among demographers. 2 Most demographers are using stochastic models based on extrapolating historic trends in life expectancy, mortality risks, 3 and behavior, 4,5 using the Lee-Carter approach and related methods. 6 Recent studies include forecasts of incremental increases in life expectancy and decreases in mortality rates, 7, 8 significant increases in life expectancy, 9 and reports suggesting a decline in life expectancy. 10 These forecasts appear in prestigious peer-reviewed journals and are often cited in the popular press; consequently, the reports may influence the decisions of pension fund and insurance company managers, policymakers, and actuaries who, in turn, produce forward-looking mortality tables. 11 And, while it is better to be safe than sorry when it comes to large pension funds and reinsurance companies, stochastic models for developing mortality tables remain popular. 10 Some have argued that the maximum lifespan of the human body has already been reached. 12 Moreover, given the increasingly widespread adoption of high-calorie diets and sedentary lifestyles leading to obesity, it seems likely that cardiovascular and metabolic diseases may roll back life expectancy. 13 On the other hand, progress in science and medicine is likely to yield new technologies that will dramatically extend human lifespans. Some of the common drugs, such as aspirin, metformin, statins, beta-blockers, rapamycin, and many others, have been implicated in extended longevity. 14 Certain groups of diabetics taking metformin have longer lifespans than the healthy population. 15 Many strategies for the development and validation of drugs with geroprotective properties have been proposed to help maintain homeostasis including drugs that act on specific targets or combinations of molecular pathways 16, 17 as well as roadmaps for aging-suppressive drug development, rapid screening, validation, and clinical deployment. 18 Therapeutic approaches including replacing cells 19 and organs, comprehensive strategies for repairing the accumulated damage, using hormetins to activate endogenous repair processes, 20, 21 modulating the aging processes through specific mutations, gene therapy, 22 and small-molecule drugs 23 are already reaching the clinic. Historically, a shortage of expertise, resources, and data led individual pension schemes and insurance companies to outsource the creation of their mortality tables to third parties such as the Continuous Mortality Investigation (CMI) of the Institute and Faculty of Actuaries in the United Kingdom. 24 Recently, however, more companies are developing their own forecasting methodologies, albeit with cross-referencing with major industry players.
The investigation of factors affecting clinical judgment has been widely applied in a number of occupations in which skilled clinicians must make predictions about the future under conditions of uncertainty; 25 this certainly applies to the study undertaken by those professionals charged with predicting mortality rates. There are no studies evaluating (subjective) expectations of life expectancy among members of the actuarial and employee benefits profession, nor are there studies on the judgment and reasoning processes that might lead such professionals to develop mortality tables on which many individuals and organizations rely.
Longevity expectations may come into play in various ways. For example, longevity expectations may strongly influence retirement behavior; 26 retirement expectations likewise influence retirement behavior. 27 There is also evidence that the individual longevity expectations are correlated with the actual age of death. 28 The person's health status, well-being, life expectancy in the country of residence, and longevity of the parents are among the factors influencing an individual's longevity expectations. Parents' longevity does not strongly influence their children's mortality, and studies 29, 30 have found no correlation between the number of parents that a middle-aged person still has alive. Finally, subjective life expectancy, which also depends on parents' longevity, does not have a large effect on the probability of working at any given time. 31 Perhaps in the midst of considering all these factors, the professional's personal involvements with some of these factors (factors that are, after all, universal, and from which no one may hide) may affect their judgment and decisions.
The goal of this study was to better understand how professionals in the pension fund, insurance, and employee benefits management industries form their personal and collective (as in corporate) longevity expectations; what these expectations are; what factors affect these expectations; and whether biomedical discoveries and predictions by leading gerontologists likewise affect these expectations.
Methods survey
To conduct the survey, we contacted a large industry group, the International Employee Benefits Association (IEBA). On behalf of the Biogerontology Research Foundation, a registered UK charity, the executive secretary of IEBA distributed a survey consisting of 27 questions (see Table S1 for a list of the questions and response options) via email to the member base of 1,200 members at the time of the survey, leading to a response rate of 8.66%. Over 45 days, 102 responses were collected and analyzed. Two additional responses that arrived after the 45-day period had closed were not included in the analysis.
The online questionnaire was uploaded to SurveyMonkey. com, an established online survey service. It offers surveys that are easy to navigate and user-friendly. Use of SurveyMonkey has been shown to improve response rates. 32 Email contact using a brief survey description informed the participants of the nature and objectives 33 of the study, and the participants accessed the survey by following the link. The participants were offered the option to receive the research results upon publication. A survey link was used instead of direct mail, as this has been shown to be an effective way 
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longevity expectations in industry of quickly and easily reaching a wide population of survey participants. 32, 34 The participants' names and email addresses were not available to the author of the study, and the survey results were anonymized by the online survey system.
sample
Of the 102 responses, two were excluded from analysis. One respondent was excluded for providing invented information (claimed both birth in 2000 and widowed status). A second respondent provided no information except birth year and was dropped. Remaining analyses are based on the sample of 100 valid responses. Missing data values were excluded from the frequency counts.
Demographic characteristics
The mean age of the sample was 49.01 years (standard deviation [SD] =10.39 years). Male participants (N=75, or 75%) outnumbered female participants (N=25, or 25%).
The distributions of the sample based on nation of birth and current residence are shown in Table 1 . Most respondents lived in Europe, particularly the United Kingdom, Switzerland, Belgium, and Germany. The most interesting finding was a relative outflow of individuals from some countries (eg, the Netherlands, South Africa) and into others (eg, Switzerland, Belgium). This may simply reflect industrial demand in certain industries (eg, life insurance and financial institutions, European Union government positions). However, it may also reflect a degree of calculation among those who think about longevity professionally to relocate to more stable, long-term positions.
Most (N=72, 72%) members of the sample were married. The remainder were either "single, never married" (N=10), in a "domestic partnership, etc" (N=6), "divorced" (N=5), "single, but cohabiting" (N=5), or selected "prefer not to say" (or simply did not say [N=2]). The mean number of children reported by respondents was 1.70 (SD =1.27). The range was 0 to 5 children. The distribution was bimodal, with the largest modal value for number of children being 2 and the secondary mode being 0.
The most frequently reported degree was a master's degree (N=59). Other subjects reported having earned a doctorate (N=4), undergraduate degree (N=27), postdoctoral degree (N=1), "no university degree" (N=8), or did not provide a valid response (N=1).
In order of reported frequency, from largest to smallest counts and grouping similar fields together from self-report, the sample reports educational backgrounds in economics (N=41), actuarial science (N=29), law (N=24), arts and social sciences (N=11), languages and linguistics (N=6), and, finally, a range of fields each reporting five or fewer respondents (mathematics, banking, insurance, other business, and other science). Note that respondents could report having more than one educational field.
employment (type of company)
Most respondents worked for either consulting companies (N=35), insurance companies (N=24), or pension fund providers (N=14 
Results

attitudes, beliefs, life expectations, and hypothetical longevity Religious identification
Just over one-third of respondents reported either having no religion (N=31), being nondenominational (N=2), or preferred not to say (N=3). Table 2 presents the distribution of responses around belief in the afterlife. Most respondents either indicated that they did believe in an afterlife (48%) or failed to affirm a belief in an afterlife ("prefer not to say", 12%; "do not know", 8%). Although only 22% believed in a heaven and hell (perhaps surprising, given the relatively larger number of professed Christians in the sample), a full 10% of the sample reported believing in reincarnation, which is 4% more than the sum of the self-reported Buddhists and Hindus in the sample (and there was even some overlap among those cases).
Belief in the afterlife
aging as a disease
The vast majority of respondents (88%, N=86) felt that aging was not a disease, but 11% (N=11) did.
Years to live
The sample generally expected a long life and, in some cases, a life much longer than that which is typical today (see Figure 1 ), although the distribution is bimodal, with the largest part of the sample expecting to live into their early 80s and a couple of respondents well above 100 years. The mean expected personal life expectancy was 87.38 years (SD =10.24 years). The modal value was 85 years, with a broad range, from 55 to 140 years.
Years to work
Respondents anticipated a broad range of productive years in their future, with a mean of 22.81 years (SD =12.67 years). This ranged from 5 to 70 years, reflecting the fact that some respondents anticipated living well beyond what is observed in the population today.
Retirement
Respondents expected a range of retirement ages, with a mean of 65.47 years (SD =5.46 years) and a range from 45 to 80 years. Thus, some anticipated several decades of postretirement life.
correlations among attitudinal variables Table 3 shows the Pearson product-moment correlations between several attitudinal variables. The strongest observed relationship (and a positive one) was between the variables the age to which the respondent expected to live and the age by which the respondent expected to retire; in other words, the longer a respondent expected to live, the later they expected to retire (r=0.34, a medium effect size). Positive correlations with small effect sizes ($0.10 and below 0.30) were observed for several other attitudinal variables, including between the belief that aging is a disease, on the one hand, and the age to which the respondent expected to live, the number of productive years remaining, the age by which the respondent expected to retire, and desire to live longer if technology allowed. In other words, if the respondent sees aging as a disease instead of a natural part of life, they tend to want to live longer. This is a low correlation, and does not account for much of the variance in the variables. Somewhat larger are the relations between how long an individual simply expects to live and other variables, such as productive years remaining, retire by (as previously noted), and desire to live longer if technology allows. There was also a small, positive relationship between productive years remaining and a desire to live longer if technology allows.
Relations of respondent sex and attitudinal variables
We ran a set of one-way analyses of variance (ANOVAs) to explore the relations between respondent sex and various attitudinal variables related to longevity (see Table 4 ).
Although there was a significant difference between men and women in the sample in the number of their expected productive years left, this result was primarily due to a corresponding mean age difference between women and men of the same level (women =43.48 years; men =50.85 years). Thus, although it is evident in Table 4 that there is a sex difference in terms of expected years until retirement, the anticipated retirement age itself did not differ.
corporate and personal expectations about longevity corporate expectations Table 5 provides data from questions pertaining to how companies develop their expectations about longevity. It appears that they do so primarily through use of actuarial tables. To a somewhat lesser degree, they rely on analytical reports developed by company staff, and, to a still lesser degree, they rely on simulations involving recent biomedical discoveries. Table 6 shows the counts of reports of how the respondents' companies adjust their expectations of longevity. The data suggest that the respondents' companies rely on a range of sources of information in order to question and perhaps change their theories of longevity; no single source of information dominates. Government reports were the most influential of the sources (at 37% of respondents endorsing these as a source), but respondents also pointed to other options, including peer-reviewed publications (28% of respondents), use of analytical reports of an industry association (32%), and internal analytical reports (18%). Interestingly, 29% of respondents indicated that they would not incorporate the possible effects of biomedical discoveries into their estimates.
Respondents reported that they sought to influence their companies' beliefs about longevity through any of several means (see Table 7 ). In particular, they tended to apply influence through approaches to retirement (52%) and health care policy (42%). Respondent reports of influence were fairly consistent across the remaining categories: government-related lobbying (18%), industrial relations (22%), investment strategy (19%), investment decisions (14%), and other factors (11%).
Personal theories of longevity
The respondents formed their personal theories of longevity based primarily on their family history, although they also consulted other major categories of predictive evidence, including actuarial tables, corporate analytical reports, gerontologists, biomedical research, and other sources (see Table 8 ). Of interest is that the professional respondents tended to rely on a quite different weighting of factors than did the companies for which they worked when making personal predictions of longevity. In all likelihood, they combined the personal information (on which they relied 
32
Zhavoronkov primarily) with information about specific risk and health factors drawn from research reports (corporate analytical, gerontology, biomedical, or other sources) in tailoring individualized predictions based on complex clinical judgments. Such interaction-level predictors would necessarily be of less value in reference to standard actuarial tables, which are not (or at least have not previously been) based on such complex interaction data. However, this is precisely the direction that big data analytics is taking across a range of fields, and, in all likelihood, the professionals in this study were simply applying to themselves clinical predictive analytics that anticipates what advances in big data analytics will likely apply to the entire business of predicting individual longevity, at least after additional comprehensive family history and behavioral health data become linked to traditional actuarial tables. Asked how strongly news about biomedical discoveries (such as stem cells, gene therapy, or cancer treatment) would affect their longevity expectations, 70% (of those answering the question, N=66) indicated that it would only weakly affect their perceptions, while 30% (again, of those answering the question, N=28) reported that such news would strongly affect their perceptions. We might consider the belief that scientific advances would strongly affect personal theories of longevity to be the result of confidence in a "scientific boost"; that is, scientific advances that could extend or boost longevity.
We examined the possibility that confidence in scientific boost (believing strongly that advances in science would translate into longer lifespans) would be associated with greater belief in aging as a disease, increased personal lifespan, and more years of productive work activity. In each of these cases, although the trends of the data were in the anticipated direction. In no cases did such differences reach statistical significance, and in each case the effect sizes were modest. A portion (20%, N=20) of the sample felt that participating in the survey affected their beliefs about their own life expectancy.
The future of retirement age for women
at what age should women retire?
Respondents predicted, on average, that the retirement age of women now at age 40 years would be 68.47 years (SD =0.58 years), but with a broad range (55 to 80 years). The distribution is highly bimodal (see Figure 2) , suggesting that the respondents may perceive two distinct classes of women moving toward retirement: those whose economic resources permit them to exit earlier, typically in their early 60s (or earlier), and those forced by economic requirements to work into their late 60s (or longer). Thus, the predictions about retirement age of women who are now at age 40 years may be more dimensionally complex than this question as written can measure.
What should inform decisions about retirement age for women?
Relatively few of the respondents endorsed either of two possible sources for information that might affect decisions regarding retirement age for women. Three respondents (3%) endorsed whatever the government would set as the Notes: The question asked of respondents was: "My company would adjust its internal life expectancy estimates if the following reports on biomedical discoveries were available:". Variables: peer review = peer-reviewed publications showing how biomedical discoveries may influence mortality and productivity; analytical report industry association = analytical reports by industry associations showing how biomedical discoveries may influence mortality and productivity; government reports = government-issued reports; internal reports = internal analytical reports; not biomedical = the respondent's company will not incorporate the possible effects of biomedical discoveries into their estimates.
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longevity expectations in industry retirement age for women. This very low percentage of endorsement may suggest that the respondents generally rejected any rationale for setting a retirement age for women that was based only on political expediency and not on scientific data. However, although the respondents did endorse to a greater degree (16%) a statement that the retirement age for women "must be adjusted with the possible impact of biomedical advances in mind", the level of such endorsement was still rather modest. In fact, it would suggest that the respondents felt that scientific evidence alone might also not provide a complete and satisfactory basis for setting a retirement age for women. The data from the present survey do not provide a basis for anticipating what other sources of evidence might be compelling in regard to establishing a retirement age for women.
ability of the company to remain solvent with increases in female life expectancy
In response to questions about whether their company would be able to remain solvent if the life expectancy of women increased to various ages, 18 respondents indicated that this would be the case with female life expectancy of 90 years, seven indicated 100 years, and two indicated 120 years or more. However, in response to follow-up questions on related topics, 35 respondents reported that their companies would be able to remain solvent with any life expectancy. Finally, in a third question, 14 respondents suggested that their companies might actually benefit from such increased life expectancies.
What respondents would do to live longer acceptable technologies
The respondents differed in their levels of willingness to use various methods that might extend life (see Table 9 ). A majority -56% -opted for no invasive procedures. One in approximately four respondents (28%) expressed willingness to use stem cell therapy or injections of drugs that might slow down aging. At least 15% of respondents indicated they would opt for each of the remaining interventions (organ replacement, gene therapy, or blood filtration and enrichment).
Desire to live to extreme age
Given access to medical technologies that would enable the individual to maintain good health and a youthful state for as long as they desired, respondents varied greatly in the age to which they would like to live, with a mean of 100.41 years (SD =41.97 years) and a range of 65 to over 200 years. This distribution was highly bimodal (see Figure 3) . The fact that the value of desired lifespan given adequate technology was so much higher than the highest age that anyone in the sample expected to reach suggests a lack of confidence either in the development of or their personal access to such technology during their lifetime. It is also interesting to note a strongly bimodal distribution within the sample. Most of the sample expressed no desire to live past age 100 years, even given the technological equivalent of the "fountain of youth". However, over 10% of the sample expressed a desire to live for the maximum period (at least) offered by the survey question, suggesting that they may simply have desired to live indefinitely far into the future, given access to the enabling technology.
summary of results
Longevity expectations appear to have influenced the respondents' plans to retire and remain productive. The respondents 
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Zhavoronkov formed their personal longevity expectations based on their family history and, to a lesser extent, on actuarial life tables. News related to biomedical discoveries affects the personal longevity expectations only weakly and does not significantly affect the life tables used by their respective organizations. Female longevity and life expectancy was used in the survey to limit the number of questions, since females tend to live longer than men and asking questions about female longevity may help ascertain the extremities in longevity expectations. All of the respondents showed a reasonably conservative view on the future of longevity and retirement, estimating the retirement age of women now at age 40 years to be 68.47 years, with a range of 55 to 80 years, implying that female retirement age will not increase significantly over the next 15-to 30-year timeframe. The majority of the respondents did not agree that the retirement age for women should be adjusted with the possible impact of biomedical advances in mind. The majority of the respondents believed that their companies would remain solvent or even benefit from increases in female life expectancy. Most of the sample expressed no desire to live past age 100 years, even if the enabling technologies required to maintain a healthy youthful state were available, and only a few respondents in the sample expressed a desire to live for the maximum period (at least) offered by the survey question. The majority of the respondents would not undergo any invasive procedures, and only 56% of them would opt for noninvasive therapies to extend their healthy lifespan to 150 years of age, were such measures available.
Discussion
For the pension fund, insurance, and employee benefits industries, stability and conservative approaches make good business sense; their customers are the many millions of families around the world who rely on the prudent and predictable decisions of the managers of these institutions. At its core, a conservative approach to mortality forecasting -the core skill on which these various industries depend -suggests that mortality will remain much the same in the future as it is today. One cannot prove that this conservative approach is wrong, as there is no clear statistical evidence of significant acceleration in life expectancy increases in the near and medium term. However, a rapidly increasing body of scientific knowledge on longevity and associated medical advances suggests that the future may yield such increases. 35, 36 The results of this study strengthen the argument that the captains of these industries may not use the recent advances in biomedical sciences when forming their personal longevity expectations and engaging in corporate financial planning. Moreover, most of these decision makers do not even appear to show much interest in significantly extending their own longevity should such technologies become available. Considering the recent advances in all areas of biomedical science, the rapid convergence of information technology with biomedicine, and the propagation of these technologies into mainstream clinical and consumer markets, this appears shortsighted, if only from a business perspective. Quite simply, one could lose a lot of money -to the level of affecting the future of the global financial system -by failing to predict these trends correctly. All stakeholders, including pension fund providers, insurance companies, governments, and individuals, may benefit from accelerating biomedical advances and investing in projects that increase productive longevity, 37 or at least from taking such research and development work into account when projecting mortality rates into the future.
limitations of the study and suggestions for research A major limitation of the study was a relatively small sample of forecasting professionals (N=100). Due to the low sample size and limited granularity, this survey should be considered a pilot for a larger follow-up study.
While it is difficult to obtain access to managers in the insurance, pension fund, pensions, and employee benefits consulting firms, as well as to employee benefits specialists in large corporations, future investigations might increase the size of the sample studied, as well as identify potential segments within the sample based on type of professional experience and educational preparation. In particular, what are the characteristics of the small segment of forecasting professionals who want to live much longer than the current norm? How did they develop those desires, and what do these individuals think about their work and its rationale? Qualitative research methods may aid in understanding the views of such individuals, particularly in that their mindset appears to be discrepant in interesting and perhaps important ways from the norm. One does not know whether to consider such individuals to be prophets or simply aberrant. Another limitation is the slight discrepancy from demographics of the IEBA. The IEBA's internal estimates for the distribution of the varying number of its member base (approximately 1,200 members), employers and their pension funds represent 45%; providers of services (insurance or investment) 19%; benefits or investment consulting companies (benefits or investment) 27%; nonprofits 2%; retired members 2%; and 5% cannot be classified. The classification scheme of the survey was different from that of the IEBA, since one of the objectives of the study was to analyze insurance, pensions, and other professionals separately.
We also found rather high variability in answers to some of the questions, including expected age of death and how long individuals would live were they able to have access to new, life-extending methods. We lacked the means to explore the nature of this variability, how it might have arisen (eg, through different types of training or professional development experiences), and what sorts of implications it might hold for the field. Future research might investigate this issue.
